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PREP ACE 


In 1961, a8 « comptroller, I participated in an attempt at systesatic 
analysis of planning and scheduling problems in test and evaluation project 
mnageszent ut the U. S. Naval Air Turbine Test Station in Trenton, N. J. 
That analysis sought to identify the common features in projects sazsigned 
by the Bureau of Kayel Sjeapons, and to develop data collection for minagement 
and supervisory use within the constraints of the existing mechanized 
accounting system. The goal of the aniiysis was the regulerizing of project 
management 4iong conventionel level of effort lines to accelerate project 
completions and increses efficiency of resouree use, 

This early effort aroused my interest in an exploration of some of 
the new techniques of project mansgenent, even though they were primerily 
computer-oriented and thus not a;perently diructiy useful at WATTS. This 
interest because of lnmsdlate practical concern uson my ussignment to duty 
under instruction et the George Washington Univeraity, ahere 4 thesis was 
to be required. 

The excitement in the Navy over the management Improvement possi- 
bilities in the rapicly ceveloping PERT systeue led me to co some basic 
reading in the subject. It seemed that some unsophisticated adaptations 
of PERT concepts should be applicabis to the olenmming and c¢erhaps the 
control of test and evaluation projects. It dis in »ursulii of this ides 


that this research paper developed, 
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INSTRUCTION 


turing World Wer If business and government experienced an unprecedented 
growth in both slve and complexity. Geared te the needs of total war, both 
sectors of the americsn economy empicyed large numbers of seientists and 
mAthematiciane. “hile these gen were primarily engeged in .ushing outward 
the boundaries of technology in the name of the war effort, they unevoldably 
becane involved in the operational snd mensgerial vroblems of big business 
and bigger government. Under the influence of these men, or of their ways 
of attacking problem, managerial problems were, anu aince then have been, 
subjectea systematically to new techniaues in the quest for sounder end more 
rapid solutions. These new management techniques are lurgely quentitetive 


i Successively wider areas oF whet hac previously 


and mathematical in nature. 
deen considered gualitutive matiers not suuject to mscanrement have been 
quantified, or at least treated for dacisionj@sakine pur.oses ag though they 
were quéentlifiable. These "selentific” metnods of attegking wankcssrial 
problems may be classed approximately under the heading “geientiiric 
Manapenent” . 

AS Operations, privat or public, become larger anc more complea, the 
need for data for planning anc control tur, ces - Tor manegement purvoess ~- 
grows. In modern incustrial society the yolume of data required is exnandin:, 
anc the timeliness of the data becomes incretalngly important. Im the lust 


fifteen years, anc more especially in the last ten, the electronic com;uter 














dy. A. Simon, The New Science of Management Decision (New York: 
Harper & Grose, 1960), Pe bh 
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z 
has become & major implement in the »recessing of data. Electronic 
computers are capable of speed anc accuracy which is « quantum jump over 
previous meang of data processing. Wet only con intormtion be had more 
rapidly und accurately, but more data ean be processed to produce the 
required information within the recuired time. While the computer is a 
valuable tool to the “sclentific" management techniques, its rapidly growing 
capabliities have in turn accelerated the development of these new aiproaches 
to minagement problem-solving and decision-making.“ 

One family or grouc of minagement planning and control technicues is 
based on network analysis and on automatic orocessing of contre] data and 
of setion alternatives. These techniques ineluce the Critical Path 
Method (CPM), Least Cost Estimating ano Seheduling (L855), Program Kveluation 
Procedure (PSP) and Tregram Avalustion Review Technicue (PERT). They 21] 
begin with the dcevyolopment of a4 gravhic portrayal of the concurrent and 
sequentiul reletionshios uaong the parts or steps in the completion of a 
project. Than time, coazt, or performance values, or « combination of these, 
are acsigned to each of tae carts or partereletionshics in the network. 

Fyom this weighted er valued network the controlling seuuence of parts - 
the critdesal path - can be identified. Further, cy snifting resources 
from one path to arether, time, cost or performance cherieteristics of the 
project can be altered. 

The newest of these technicues is PERT. PERT was developed as 4 
management too] fer the FOLANT weapons system development project.” Like 


many of the kinds of projects for which the network technicuses were 
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E. C, Burek and J. A. Chapmen (eds.), New Deciston-mazirg Toole for 
Monagenent (Cambridge, Mass.: Harvard University vress, 1205), oe vill. 
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3 
developed, FULARIS was « very lerge, very complex project involving 
resecrch, development, test, evaluation, and ;roduction. The rember of rarte 
Gr operations in the project nay enormous. Thus the development, analysis, 
anc maintenence of the network in both plsnpning end controlling dictated the 
use Of automatic datse processing.” The rOLaAhis program previded a major 
strategic muclear weapon capability to the U. S. Navy. ‘the preject waa richly 
funded, especially staffed, end highly publicisec. ‘These circumstances 
undoubtedly mitigated in favor of the PNY techninue, end aceelerstad its 
cevelonneont. Nevertheless, the success of the (Gisakls effort denonstrated 
the soundness of the PECT technicue, at least under thoze concitions, «as 
& reault almost every major government program in defense anc space is using 
the teoknique, ” and PaiiT-type reporting te the services ia reiuirad of 
privete industry in major development contracts. 

Hetwork systenus ~ Piki~type syetens - involve expensive dts gathering, 
precessing, and reparting effort, una axnpensive cummeting a uipment, 
Letimates of tne vosi o: such systees rum ag high 4s usubie the cost of 
Myrevious systems", T Tt ts for this resaon, at least in port, that network 
systems have seen their major development in larze, con uter~erui, ped 
projects. Yet the essential characteristics of network sypatems Le not 
hardware or deta voluse or large project cout. Aather, the sssentiels seen 


to be « systematic and analytiesl « protch to the project in hand, assisted 
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filidem Hunter, Industrial zngineering Consultant, Navy Management 
office, “the PERT System", lecture to Navy Graduate rinancic], Mansrenent 
Prograa, 5 December 1963, 


75. Polen and &. Lele, im Susee Quidance Center, "PERT/CUST Case 
Study", iecture to Havy Graduct Fineneiai Management Progrem, 22 Jarmuary 
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4 
by eraphical display, cowmmenceu in advance of work commencement. Ii tris is 
SU, aomy of th advantages Of these systems sheulc be available to any 
project or fob of work regardless of the sloe of the budget or the cegrve of 
wubometion syallable in the date procaesing function. further, fisough these 
oystens hive Seon devyeloned primarliy in one-ols-kird programs to help 
handle the uncertainties invelwed in the absence of standird cost and times 
asta, thay chould ba useful in ore jecta with sam degree of roulLinisation, 
eapeciully whese standards are not available or mot vell ceveloped. 

The Ravy has o warlety of twat stations ane facilities performing 
teat and ewriuation work fer the turenus of Hewal Seacons ang ohles. The 
Yaval Ordranee Teat Station at China Leke perform: teste am! evaluationa of 
uniereater ordnerce anc of guided wlesiies. The Eaval tir teat Feelilty, 
Patuwent. Hd,, werke for the Bureeu of Beval .davons on sirerait ono airerart 
@exipment ond ren adireraft service seoevtance testa for ihe fieerd of 
Imepection end Survey. The Ovwrations! Treat ond Pyniuation rercea anc the 
“groets Statien at Mewwrt, “. I., parform test und eweluation sork for both 
bureeus. The Hevea) aly Turbine Test Stetien, Tremton, B. dt Hayal oir 
Yevalonsent Center, Johneville, Ta.,; ami Navel afer Seat Feelliity, Laxenurst, 
Hod., do twat ard evaluction work in slroraft, aireratt systema ane COA OONEDte 
tucti~Jiai enginas, eotaprite, end @o om. chils the trent. at thepe uctivitics, 
eg im the Deyartaent of Defense eo & whole, ia toward the Butmebion af tine 
dute roteasing funciion, the rate of aubumetion de » fenetion o: Guen 
variables an pouiows aine or Imvortance, setivity else, defoemnge budget 
gies, andthe lime. in the interin, the beners Lte of edwarecsa in morn gemont 
krivles should be exiences in savange of hardware lunding and personnel 
celiing ailocations, To atete tals raisus the questien, car the teehri: ues 


of réteeck syn tems oe 2dauled 40 ner-eutbom len raved teat and 
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evaluation effort? 

The purpose of this research pueper has been to seek an answer to 
that question. Specifically, whet haus been investigated is the 
aoplicabllity of network techniques to management planning and eontrol of 
teat und evaluation orojects. tmphesis wag pleced on the managerial rather 
than the supervisory espects of the question. The need for effective 
pPlemning enc control has been succinctly stated in the PERT Coordinating 
Groupts Guide for Management Use where it wae noted tual twelve major weapons 
programs averaged 2 cost overrun oY 3.2 times original estimate and in 
average time span of 1.36 times original target.© While these to numberz 
must be tuken together, since it is very likely thet some time was bought 
with money, either figure is significant in itself. They represent areas 
of significant potential managesernt improvement, for which the PERT family 
of systems wes developed. The extension and adaptation or these tecnnioues 
over wider aress of management effort should be fruitful. 

KRetwork systems are in w state of continuing development and 
refinement. Mucn of the writing in the field repidly becomes obsolete. 
therefore ILbrary research was conducted with emphasis on recent muterlals 
and on concerts. These muterials were cupplemented with informatlon sought 
from lecturers in mansgemert to the 2464 Navy Oraduate Financial Yanevenent 
rrogran at the George jVashington University. Finally, interviews relating 
to management problems in test anc evaluation were conducted at the U. 5. 
Naval Air Turbine Test Station, Trenton, %. J. (WATTS). 

The test anc evaluation work at Natt; Trenton wus taken os represent- 


ative of the repetitive and nor~reretitive charsecteristics of nayel test 











8 5 +! > A "2s a 
SRT Coordinating Orous, PERT Guide for Mansgemert Use, (Sashircton, 
D. Gey June 1963) De iii. 
neat 3 
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and evaluation, anc investigation of network syatems was conducted against 
that background, “here example and illustration is revuired in this paper 
a hypothetical jet engine test and evaluation project will be used. It is 

rhasized, however, that the manegenent system developed in this paper is 
not an attempt to resolve manmigement problems at KATTS Trenton, or to 
Gevise a mechanism for conduct of wireraft engine testint at WATTS er the 
det Propulsion Leboratory or any other specific application. Rather, the 
intent is to develop a cernsral approach to the management of test and 
evaluation effort on a project besis in the ubsence of a business—type 
computer installation or in the clreumetances where the croject 1g "too 
emall" to warrant the overhead costs of "putting it on the cam,uter*, and 
to suggest therewith the basis on which the desirability of 2 new teernigue 


should be judged. 





CHAPTUR I 
NuTWoRE s¥stoas? 


a System is an orderly cumbination or arrangement of parts, or an 
orderly process. A network ig 4 system of interlecing lines, tracks or 
hannels. in network systems, then, the planning end control of 2 project 
or job of work is accomplished through the identification anc analysis of 

nm intlerlacing arrangement of the parts of # preject. RNatwork systems of 

management ciagnning unc cortrol have been developed to deal more efficiently 
tian previous systems with projects thet 

i. Are new or untried, or infrequently repeated, 

Ze are lurge anc complex, 

30 May be serarated into well-cerined paris or Jods, 

4. Have carts which, in the procer sequence, muy be started and 
comple tea independently of eath other, 

5. Must be performec In Lechnologicel sequence. 


If « single characteristic ean be serted out to differentiate netaork 
systesne from previous systems 1i ig that they can visualiy repreaert the 
interconnections and interde erdencies, the coordinate functions and 


precedent relationshios smong the varts of the project. Network systems 


have been used on «u wide veriety of projects having the charucturistics 











tenis description isa « synthesis of the ceseri tions in ©, FF. Stdiien 
et. sl., PENT: A Mew Banacenent Planning enc Control Technique (Wee York: 
Amer Lean Bane genent, Agsociation, 1962), anc f. k. Levy, G. i. ‘Thompson, eae AL 
Jd. UL. delist, “Tne A5CS of ine Uritieal Vath Methou", Harvard Pusinews Neview, 
XXi, Ho. 5 (Sentember-Jctober 1963) 98-108. 
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listed above. The signifieance of the interrelationship feature can be 
seen in such projects as 

1. The POLARIS misoile/submerine weapons syaten croject, 

ae ‘The corngtruction of « milding, 

3. The installation of 4 new computer, 

4. The launching of a pley. 

The basic technique of network systeas Lnvelves ths asvelopaent of 
& model (network) of the project, an evalustion and acjustuent of the model 
49 provide ssgurance that the operating plan derived from it incorporates 
Bll requirements to reach the objective, and the development of controls to 
moriter the operation the network represents. The network model is a& 
graphie glen of uction, a roadmap visually preserting the route to the goal. 

To develop the network, exeh of the jobs necessary to complete the 
project gust be icentifiedc by & descriptive title. Commeoniy, each job is 
then ascigned an identifyine number. Then the Jobs ire arranged in 
technolegieal order, thet is, in auch an order that no item on the list 
precedes items which must be éceomplished before it can be comaenced. 

Next the network is drawn, Grayhie technicues yary at this stuge. 
One method la to rocresent each Job by o clirele, then to show the gecuence 
relationship betewen jobs with uerrows. Another method re. resents Yevents" 
by circles, with the connecting arrows representing the joos. The letter 
method may ce more useful im thet it allows room for gore information on 
the greph. At this point the graph re;resents 4 number of arrose potas 
froma the first job to the lust. Gorventionally, peeuco~-jobs eollieca Start 
ond Finish ure employed for clarity, anc the arrow sathe then show routes 
from the beginning tw the end of the project. 


Shen tae network is weighted, Each job is assigned an astimte of 
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9 
elapsed time, or cost, or both. The sum of velues along each arrow-path in 
the network, then, is the totul elapsed time or total cost along that ,ath 
from Start to Finish. IY, then, calendar dates are asgignec along each 
path to conform to the elapsed time estimates, « schedule of euch ‘ob and 
of the whole srofect resulta. The calendar time auysignments may be apolied 
from Start to Finish te estimate the comcletion aate, or trem Finish 
backwerd to Stert to estimate when a srojwet. must be sosmenced in order to 
complete it by & chosen or dlrested date. 

It ean be seer from this descristion that one arrow-nath will be 
"lonser", have & greater cmount of ela eed tinw, then any other oath. ‘Thies 
rath is the cath thet controls the curation, and comeletion tise, of the 
entire rroject, and is referred to am the "eritical pata". any delsy in 
the jobs on this path wil] delay Pinal completion of the project. It may 
eccur that tw errow-osths have the saxe langsed-time estisete which ise 
greater tran 211 the others, in which case both maths would be eritical 
paths. It aleo mar ceaur that ae work progressea on the project onc 
rerformence deviates from eatimites, some other cath would sucplant the 
originally estisated lonrest path as the new eritieal rath. 

The teo gereral classez of network systems mey be clatinguished by 
their method of dealin: with tise. The Grities] fathn Betned ia "ceterm:n- 
fetie* ip tost it requires a atrple estimete of tine for :ob completion 
urder “nonmral" concitiors. This time le derived in terms of eoste. Trt 
is, under the octimm use of time, worey, man.orer, and metnod, e given job 
will be performed at « adininaum cost. The elapsed tive reiatea tu thet cost 
is rorpmal time. 4 less than ortigum euployment ef rescurces wi.l use more 
than "normal"! time, but will also increase costs because of the linea costs 


of being ir business. In the other cirection, « jub can be axpecited u, to 
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10 
& minimum possible time, called the "crush" time. The associated "crash" 
cost is mere than proportionately higher. Any level of effort cun be 
plonred, but in any event, one determined time and cost is employed in the 
method. 

The Puatl methed lacks the cosgt--time function of CPM but has the 
advantage of combining plenming and scheduling in & tine estimate which 
ingludes 4 colsideration of tne uncertainty of each job in the -roject. 

Baca job is estimatea by the persen most familiar with the kind of work 
involved. Gut instead of one time estimate being presared, three gre: an 
optimistic estimate, a most likely, and a vessimistic estimete. The most 
likely or norm] time is thut tise which would oeeur most often if the Job 
were , erformed several] times under similar conditions. The pessimistic tine 
is the maximum time & project woulc take under the most adverse conditions 

not including catastrophes. the optimistic time is the minimum time 2 job 
will take, as u result of unusual geod luck. These times are averaged, 

giving = weight of one to the extreme estimates anu of four to tae nost likely 
and the result is the “ex;.scted" time. This expected tims has 4 50% chance of 
belm achieved. The mobability of achieving « scheduled project completion 
date cum be computec from the sums of the sehevuled times and the standarc 
deviations of all the Jobs that make up the project.“ Pid?, tren, is 
Werobabilistie" in that it incledes 2 mearne of Cealins witn the uncsertain- 
ties oi nev or cne-tine prejects such «gs the “OLARIS development project. 


This is in contrast to the ceterministie C.M system which has beer used in 
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“ror a concise cescription of the mathematics of the exrected time 
esgtisete see &. CO. Bursk & J. &. Chapgaan, New Cecision Marin Tools For 
fenegement (Cambridge, Fase: Uurvward University tress, 1963), 124~1i8. 
An angélysis of these commutation: is in CERT Summary teport Chase I 
(dashington, 0. U.: Upeedel frojects Office, Pure vu of Naval weapons, 
July, 1958). 
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11 
projects, where the individusl jobs involved are backed by considerable 
previous experience in method, manning, and cost. 

There are differences in mechanical details end terminolovy among 
ali of the network methods. Bone of them are of major importanes but they 
do recuire the person seeking knowledge of the systems to wade through a 
voriety of glossaries anc deseriptions of diagramaing sequences that in the 
end turn out to be essentially the same. For exemple, one approach to CPM 
requires the listing of each job in a project together with the time and 
resource estimates before beginning network dlagremming. Moat PENT 
Geseriptions, on tha other hand, elther ignore time estiautes until «iter 
the network is drawn or specifically state that estimates should not be 
mide at the Job tabulation stage. As is the case in any new end groving 
field, there hus not yet developed a real consensus in terminology or 
mechearics. Therefore, shat has been seleeted for this ;a,er should not be 
regerced ag the sost common or most Cooular or best teraivology and technique, 
but a selection from anong many veriatisns on the aawe theme. fhe following 
gererail definitions are erproximately ae used in the Part Coordinating 
Group's CERT Guide.” HPERT® will be ugead in a generic sense to mean 
netsorking an.lysis. 

A work breakdown structure ig a grovhic representation of the 
conronent parte or jobs of & preject. It defines in suecessively creater 
detail how the various enc items of work are related to the overall] project. 
The work breakdown structure is the basis for constructing the project 
network. The suecessive subdivision of work is cortinusdc to the point shere 


the item subdivisions become useful for management planning anc cortrol. 
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12 

The iten subdivisions are then broken coan inte work :ackuges. 

These ure units of work required to produce a s;ecifie item, such as @ iece 
of hardware, « get of cGrawings, 4 report, or « seryies, which is the 
respongibiiity of one operating unit within the orgardcation working on the 
project. York packages consist o: one or more activities. «activities «re 
parte of a work paekage which have been sevarutely identified to facilitate 
control of effort. In some instances one work :wckage le treetec as one 
activity. 

A network is 4 grachic deseription of the planned se. uence of 
activities leading to the completicn of the oroject. Zt shows the relation- 
ships and constraints of the ectivities comorising the project. 

A network ectivity la represented by an arroe. erformanece of the 
work in an activity leads to un identifiebie noint in tine culled an event. 
im event is the basis for monitoring the activities in « network, anu can 
ofter, partly identify the activity: "“Coanlete activity 7". An evert may 
represent the beginning or cou Jetion o: 4 signiffeart phese of tho whole 
project. vents are sometines refwrred to as milestones. fAvents are 
represented by circles. 

Blapsed tine (te) estimates are asgigned to each activity in « notwork, 
usually in seeks. iither « gingle estinete or a range of estimates may be 
uged, depending om the nature of the activity. the more uncertainty involvea 
the more desirable the range-of-estimates. If an activity involves 
well-known work with experienced versonnel, a single estisete would suffice. 
For example, ot the IRM Space Center such of the work de regeareh ona 
development which rressea the limits of the state of the ert in s)ece 
technology. Therefore, the computer program for networking is constructed 
for the three estimate metnod. Sut where an activity or sork ,ackage has 


beeome routine, and orm estimate will tnerefore a ;roxieats the robability 
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The item subdivisions are then broken doen into work sackages. 
these are units of work required to produce a siecifie item, such es @ “iece 
of hardware, « set of Grawinga, & report, or a services, which is the 
recpongibliity of one operating unii within the orgardcation working on the 
project. Work packages consist of one or more activities. «activities ere 
partes of a work package which have been sevarately identified to facilitate 
control of effort. in some instances one work puckuge is treated as one 
activity. 

A network is & graphic description of the planned sejvence of 
activities leading to the coapleticn of the sroject. It shows the relation- 
ships and constraints of the ectivities comprising the vroject. 

& network activity is represented by an arrox, rformance of the 
work in em aetivity leads to an identifiable point in tine culled en event. 
im event is the basis for monitoring the activities in « network, anu can 
efter: rartly identify the activity: "Complete activity 7". An event may 
represent the beginning or couvletion of a gignifieart phase of the whole 
project. tvents are sometines referred to 4s milestones. Aventis are 
represented by circles. 

Blapsed time (te) estimates are assigned to each activity in « network, 
ugually in swesks. <Lither « single estimate or « range of estimates may be 
used, depending en the nature of the activity. the more uncertainty involvea 
the more desirable the renge-of-estimatas. If an activity involves 
well-known work with experienced vergonnel, a sinele astimete would sutiice. 
For example, ot the IRM Space Center auch of the work de research ena 
development which presses the linits of ihe state of the art in sjuce 
technolecy. ‘Therefore, the computer program for networking i8 cunstructed 
for the three estimate method. Hut where an activity or work .ackage has 


beeome routine, and ore: estimete will therefore o,:roxieate the  roocdility 
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of three, it is merely entered three times .4 Khen all ectivities heve 
been estimated, the network may then be converted to calendar time. 

The elapsed time estimate (te) of all activities are accumulated 
through the various network paths. ‘the earliest exrected com letion dute 
(TZ) de thus develo: ed for each event. The earliest ex, ected date of the 
last event is the expected date (TZ) of the project. 

Sometizes a croject agaignment includes 4 desired or recuired 
completion date. ‘his ie referred to as 4 directed completion sete (TD). 
Ur & precetermined target Gate may be esteblished within the orgsnizetion. 
In either case, by working backward through the network a latest allowable 
date (TL) can be established for each event which will permit comletion 
of the last event ~ anc therefore the project - b, the project's latest 
2lloweble dete (TL). 

The longest tine psth through the network has been called the 
critical path. all other cathe will have a different clapsed time than the 
eritieal path. This difference is called slack. The smount of slack is 
commited by subtracting the expected cate from the latest allowable date. 
If GL mizruce TH is vositive ~- if positive slack exists - then there is time 
to spare. Theat is, the event or network rath under corsi¢eration can be 
delayed or silowed to sidr by the amount of positive slack without delaying 
the overall project. If TL is equal to TE, no slack exists. This is 
referred to uy vero slack, und is the case for each event along the critical 
path. if the latest allowabie dite is ewrlier then the ex:ected cate lor 
ar event - if TL minus TE is negetive - then negative sleck exists. 


Negative slack indicates the need to revise the initial plenning. 





} 12 BN) gt ry & My . 
“Holen and Leduc. °PSRT/COST Case Study" lecture. 
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di, 
The foregoing definitions deal with the plunri:j; phase of & project. 
Some additional terme pertinent to echeduling will hove to be introduced 
SO that controls can be dealt with, but these shell bo left untli they 


are needed, 





CHaPTin IZ 
TEST AND ZVALUATION FROd2OTS: AW GAAMPLE 


test and evaluation can be sisuply described ag getting the enewer 
to the question, "Does it perform us it is supposed to perform?" Naya) 
activities such os those mentioned previously are primerily, though not 
exclusively, in the test and evaluation business. Items of military 
narceare which are under develonment or sare ebout to enter production must 
be tested anc the results evelustea for acceptance. Eguioment or components 
im use may suffer unexplained fallurez. Test anc evaluation eetivities will 
be required to find the causes of failures and 4 means of preventing future 
fublure. "Off~the-shelf" civilian hardware may be considered tur eiiltary 
uz@ und would have to be tested anc evaluated against the reouiresments of 
military service. 

Most test and evaluation prejects sre sssigned to test and evalustion 
activities by cirective from thelr maragement bureaus, though same are 
interniily generatec. Test and evaluation projects have to sume degree the 
uUnigueness of regearch ana develonment orojecte, aspecially than they 
involve finding a "fix" for a defect in « pleee of ecui:smernt which has 
develocec in service. Indeed, some protects éssigned to test und evalustion 
activities are for practical purroses cure rescereh and development.“ 


4Aithough test and ewaluation work may exhibit « large cegroe of 





iy, Se Nawal Air Turbine Teet Station, Trenton, #. J. Personal 
interviews with too managesert, 21-23 December 1963. 


bal 9 2 s ® 
“Ibid. Intervie: with the Director, seronsuticel Turbine Laboratory. 
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"one-ol~a-~kindness", it has also, iv a significant degree, the repetitive 
characteristics of job-shop production. This results rrom the faet that 
the mission and tasks of any one test and evaluation sctivity reduce its 
fielad of work 16 & relatively marrow range of equipment and comonenis. 

and within each cless or category of items under the cognizance of one 
activity the projects assigned tend to reveat themselves in general vutiine 
and technique if not in detetl.? 

70 illustrate in gereral terme the nature of 6 test and evaluetion 
project and to provide a ease for use in a hypothetice] plenning end control 
system, a Cumny project will be describec. ft will contain many of the 
common features of the projecte essigned to BATTS Trenton. Teo provide un 
exercise for a vroader range of the deviees in the VERT time technique, 
it will include more requiremenia than is usually found in ome Nall. engire 
project. Excent for tals artificiality 412 will be representative of jet 
engine test und evaluation vrojects at that activity ana excest thal the 
kind of sculpment is cifferent, will exhibit many of the genere] churacter- 
istics of test enc evaluation projects. 

A typical jet engine test and evaluation rroject ior the J-lL enmyine 
wight receire evirenwental teating to determine that the envine will meet 
the ganufecturer's speed and altitude guérantees, meet performance specifi-~ 
eations for high and low tempwrature operating condhiions, ana wili be able 
to ingest a specifiea weight of water without faliure. io coneuct these 
tezts the activity hes teo instrumented test ealls im which engines carn be 
Operated under controlied concitions. The celis have supperting itécilitics 
ts provide inlet air at controlled temperature and velocity anc one ceil 


has exheust facilities to be able to evacuate the cell to controllea 
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7thid. Interview with the Planning Officer. 
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17 
éltitude equivalent. # considerable inventory of sensors is uvailable to 
instrument the ergines uncer test, and shop facilities are provided to 
fabricate test stands on which to mount the engines, harnesses on which to 
mount Jeacs to the instrumertation mcunted on the engines, and rigs to 
surply controllable quantities of weter to the areca vround the engine 
inlet. Drafting and engineering services are availeble us well as selentlfic 
data reduction fseilities. For alimplicity 14 witl be azsumeg treat the teet 
proseet will not. require sodifieation of the builcings or installed 
equipment. iIn reality this fa not an infreguent occurrence, and 4 
determination must be mide as to shether the soditicatione enhonse the 
capability of the phyeleal clard and thee recelre authorLoation under the 
militery eonstruction -rosraa or alll be of use only for the project ot 
hand. In the letter case, some additions] detail would have to be 
described belox, 

The activity da Punded om « Llevel-of-seffort bicis, anc craject 
Girectives from the management bureen oreseribe s cegirec degree of 
priority in relation te the other vrojects on hand. Thus 4 normal priority 
project ean be delayed by another project using the Cncilities of the 
activity.” The final product of so test anc evaluation rojecr. is 6 forse) 
revort. Inforasttion developed as the vroject proeeemis is providec, where 
it ie meaningful, to the management dureau threugh interim revorts. 

The test and ewelucetion rojeet fur the J<i uncine, then, conalicts 
Of three warts; 


1. Altitude Gaerantees, 
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Tht d. Intervice with the vontrolier. Level-or-elfort meéns 
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Persomne) catiing. Seme activities are now operated on 4 modiiiea 
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a. High/lewe Temperature qualification. 

3e Nater Ingestion Tests. 
the firat part reuires the serviess of the altitude test cell, the latter 
two can be conducted in the sea level cell to free the altitude facility 
for other projects. ‘There are cistinet phases in the work racuired for 
each of these three carts, ineclucing: 

i. The engineering work required to prepare the detailed test 
outiine, the Cegign and drafting werk required to ,rovice the hardware and 
instrumerteation riga Tor the angine in each cell, and sonputer programming 
ios reduetion of tne data produced by the testing. 

2 The installation work involving hardware fabrication, 
instrumentation, and engine preparatior nacessury to huve the engine in a 
eeli snc ready to overste. 

3. The testing conducted to obtain the d&ta fran whieh the project 
engincers will make their evaluetior. and write thelr re-ort. 

4. The removal work involwed in removing the engine and hardware 
from the test cell, clean-up and ineneetion or the engine, instrumentation 
apd test cell facilities. 

6. The engineering and related work inwolveo in date reduction, 
analyeais, and interim and firwml resort eritine and *"publication”. 

Rich of these pheses must be sudstentially complete belare the meat ume can 
commence, though at gyome risk of rework, work in the irstalistion phase can 
ba commenced ag work in the prcoliainsry engineering ohoee is completec. at 
the othor end, data reduction ean to some cegree run concurrently with 
testing deyending uon the capitedlitics of the soientifie data processing 
ivmaialietieon. Tne five phases of work Listed soove can be suiuiviced 


‘urther itu identitiable sarees of res onsibility. an erganization 
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structure representative of this responsibility is shown im Figure 1. In 
the prelicinary engineering phase the areas of responsibility or areas of 
individual control ares 

1. Preparation of a test outline scecifying tist instructions anc 
data to be taken. 

2e reparation of instrumentation specificetions ana crawings to 
conform to the cata roints deserlbed in the teat outline. 

3. dngine installation desien «ni drafting work. 

kL. Programming the scientific data processing racility basec on the 
test outline, and checking and Cebugging the program. 

in the installation phase the work subdivides into: 

1. Pabriestion or modification of engine support hardware, required 
cucts, diffusers ant the like. 

20 Fabrication of sesenblies for meters, probes, leads, ate., for 
{netrumerting the engine. 

3. Preparetion of the engine including mounting secesaorics, 
digsassembly and reassembly incident to instrumentation, and maintenance 
and repeirs incident to test operatiora. 

Lhe Installation of the engine and supporting hardware in the test 
eall, end alignment work. 

5. Instrumentation irstalliation, inclucine: hookup to recorders, a: 
checkout. 

The test chase ireludes operation of the engine from the first 
pre-flight cheeks to the end of the final preservation run, including 
operution of al] supporting equipment, data cecunisition ema recercing 


eouirsent, anc, 48 4 matter of practicality, minor fabrication ant 
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ORGANIZATION CHART 
FOR 


TEST AND EVALUATION PROJECTS 
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Representative organization structure illustrated by 
functional breakdown of the Aeronautical Turbine Laboratory, 
Naval Air Turbine Test Station, Trenton, N. J. 


Figure l. 





a1 
installation work incident te minor failures and minor test ; rogram 
revisiors. 

The removal phuse covers post-test ecuipment calibration, engine 
recoval und hardware teardown, and post-test inspection and revackagim: of 
the engine. 

the pesi-test engineering phase is subdivided irto: 

1. ieduction, autom tic or marual, of teat date. 

ae Anelysis anc revort crencretion. 

3e Rerort sublication. 

These breakdowns of the effort required to conduct a test end 
evaluation of 2 fet engine cen be used for each of the objectives enumerated 
in the initial three-sart breakdoxn. ‘They have been Zounc ude uate with 
additional cantrol subdivisions for such teste aa performance envelope 
determination, component performunce evaiuetion, trarnsient-atete 
performance determination, and so ta” The foregoing listings ure more 


eaciiy vieaualived in Sigure @. 





Oo nid. Interviews with the Planning Officer. 
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CHAPTER TIT 
TRE PERT NETWORK: PLANNING 


The successive subdivisions of the example test and evaluation 
project cre logics reductions of the work recuired to meet tue objectives 
of the project, and relate to the organisations] structure establisned to 
perform the work (see Figure 1). Thus the work does in fact subdivide into 
& Work Breakdown Structure - 4 fremework for definines the work to be 
accomplished, constructing uw network plen, unc summariging the status of 
& project for vrorreaaively higher levels of mngneaits * Further, the 
lowest level of the breakdown structure, while not the most detailed 
Geseription of the work ae it will aetueally have to be serfarmed, is in 
each esse tag aork reculired lo Gomilete a specific jod or procesa. ‘Thet 
is, it is « work meksge subdivision of the gra seba” Pigure 2 is partly 
recsst in the form of a work breakdown etracture in Figure 3 to Lllustrete. 

With the work cleerly defincd in the work packages, the project cen 
now ba translated irto 4 PEKT ostwork. To facilitate netaorking, the 
sctivities are tabulated with their relatec events in Table i, end esen 
activity ond event are agsigned an identifying symbol. The network in 
Fisure 4 te e flow dlsagram of the activities onc events which huve been 


deterningd to be necessary to reach the oroject objective. Tae diagram 
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WORK BREAKDOWN STRUCTURE 


TO THE WORK PACKAGE 


Level 





PRELIM INSTALL TEST 





ENGRNG 

ENGINE INSTRULENT ENGINE ENGINE 

SUPPORT | FAB PREP INSTALL. 
FAB. 


Figure 3. 
















25 
TABLA 1 
AGTIVITISS aWD EVENTS 











Booties 0 ec yhdeerss, 


activity 





Ltr. | deluted ivents 


Comte oteitainn Seated otk 






















1211 Test Outline Preraration B Complete activity 1211 
1212 | Instrumentation ingineering C | Complete Activity lzle 
L213 ingine Imstellation Engi reering B Complete Activity 1213 
21k Prog ramming He Start activity 1251 
Le2i Engines Su:pert Pabrication it Start activity lea, 
1222 Instrumentation Fabricetion & Start activity 1225 
1223 Engine Preparation D Start activity l22k 
L22k, Bngins Installation ir Start activity 1231 
1225 Instrumentation Installation P Start astivity 1231 
L231 Tast G Canplete activity 1232 
Leal Removal I Complete activity 12h1 
1251 Date “eduction J Complete Activity 1251 
1252 Anglysis & Hervert Drafting K Complete Activity 1252 
1253 Recort Publieatior - Firish 

Q Zere-~tin: constraint activities - ~ e 

~ne ee YaZ | Cell available 











Visuslly presents the planned sequence of sccomplishment enc the 
inter-de endencies involvec. At this stage no estimmting or seheduiing 
heve been done. ‘Several signifieant vointea have been iilustratec, however. 
fhe network visually cie-leys the extatenee of constraints in the 
performance of the comporent jobs in the overall project. For exunple, 
Svert ¥, the commencement of testing operations canmot be aterted until 
two aotivities hawe been completed: 1224, Engine Irutulletion, and le25, 
instrumer:tation Installation. 

Events ¥ and G, and Evente C and J, ere jJoinge by sctivity arrows 
labelled "O". Theses érrows represent 'sero-time" activities ~- setivities 
which recuire no use of resources und nO pussage of tla. they indleste 
the constraint of GSwent § upon Event Ho and of Owent 6 upon ovent d, 
respectively. These artificial activities sre required by the definition 


of a network. Their existence stems from the selention af everts to be 
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J-1 ENGINE PROJECT NETWORK 


@ ——/ 25; 





Figure 4. 





27 
recognised for plenning and cortrol rurposes. 

Event D is constrained by a wero-time activity from Event Y, and 
Event Iois 4 constroint through a zero-time activity upon Event Z. These 
are lilugstrations of the concept of interface events. In large projects 
it 1s often desirable to prepare & number of separate networks to delineate 
the detailed plan of work for indivicual segments of a project. An 
interfuce event is an event common to more than one network? While the 
irterface events in the exanple are not part of a larger project, they 
still fit the definition: they are coratraints imposed by one test sroject 
upon another by the limitations of plent capacity. Since the example test 
and evaluation station has only one sei—level test cell, engire ingtalletion 
(activity 1224) for the J~l project cannot be comuenced until the engine 
removal. event of the project wreviously occupying the ceil has occurred. 
Sinilarly, until Event I of the J-1 ¢roject has cecurredc, the folloxs-on 
nrofsect canret commence its engine irstallation. The impact of such 
interfaces cen be large if the uncertainties in any project on board « 
station are large. 

The subject of facilities management is beyond the scope of this 
pacer, but fron the foregoing the usefulness of network unsiysis in test 
and evaluation faeilities munugement can be seen. Networking the 
cell-oceunrancy events and activities of sll test projects on board plus 
seheculed maintenance activities could crovide an additions] toe] for 
increasing the efficlent use of resources. 

The next steo in the analysis is preparing expected elapsed tine 
estimates (te) for exch activity in the network. activities of high 


uncertainty should be estimate. on the three-estimate basis. A single time 
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estimite may be given for other activities. The estimates aust be baged 
on the planned evailability of resources and the average rate of resource 
application, These tize estimates should be mace by the personnel in the 
organiiation aost faaliiar with the activities. When the expected elepedd 
time (te) hus been determined for euch activity, they ere then accumulated 
through each path to provids sarliest expected time (1S) for each event. 
From an assumed beginning date, ususliy "now", each earliest exnected time 
(ve) of the last aetivity is the TE of the project. forking this procedure 
in reverse from a predeterained target date - or 4 directed dute (TD) from 
higher authority - provides in the came fachion the latest aljoseble date 
(TL) fer each event. The latast allowable date (7L) for ths first event 
is the latest date the profect can commence without slioping the end event 
beyond the target date or the directed date (te).4 Figures 5 represents 
this stege of planning. 

there are seven paths threurh the network: 

Le Sterten-li-L-und, 

ee GUAM Maelo te LeLnd, 

3. Shar bed-Oe nl GLa, 

he Start~-snd- lel j-L<ind, 

S. Starteande allen, 

&. Startei~ Def -HeLeamd, and 

Jo Bhartte nT De ede del Erde 
The path to interface Svaent 2 is mol cisridacent to this project, but tw the 
moujeet that follows J+] ints the sea level call. Using the elapsed time in 


weeks indicated beneath each uctivity line in Figure 5, sueh path has these 
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J-1 ENGINE PROJECT NETWORK 


TE: 9-25 


TL: 10-23 
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TH: 1-1 
TL: l-1 


Critical Path -=—3 3 


Figure 5. 
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elépsec times in weeks: 


a. 
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° 
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° 
e 
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ee 


sa Ww 
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1¢@e0¢@ese @ 2b 
Path 3, through events «a, U, i, F, G, J, amt L, iw thw critics path. The 
Siack in erch of the other .etho de the difference between tueir elansed 
times and the elapsed time of puth 3. aseuming thot "now" is 1 June 1964, 
anc thet « target cagcletion date of 1 Janmery 1965 hos been selected, the 
exrgeted detes (TE) can be determined warking fron Ltart, and ihe leteat 
Sllovable dates (TL) determined fron and, sseuming no schedcled work from 
Chrictaas to Rew Year, To ond TL for tae eriticas path ure wjuel, onc the 
elapesd-time alack in the other ain paths is celender slack, and is positive. 
we Onc Th. for eaeh event have ower, indicated on Figure 5. 

Walle the plan deyeioped to thiu , dint demuratrates tin Peauibility 
of accowc lishing the work by the target date (75), it is nothing more than 
anlan. The plen must ov walidetec through the athewuileg ,reeess. 
Sehednuling converts the plan into 2 feasible timetable Having considered 
POCULTSd Manpower anc facilities veouirements curing s;ecifle calender 
time periods, gorntlicting demenug Tor tawoe res@arces, and the general 
sequence of the works” den the plan Bus bven achecuied, Ti anc TL wiil 
became earliest consletion dete (58), und lutest completion date (41), 


respectively. along the critical cath the calendar Gates will be the sams 
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if the schedulers heve wocented the ,len as feasible. along the other paths 
the scheduled earliest ond Létest allowsble Gates will £41] somexhere 
within the slack of TR and TL, the actus) datas deocending on the influence 
ef the oonsiderations seniioned abeve. Ohuld tae scheduling invalidsute the 
ten, replanning will be required. In either cese, the scheduled dates, 
SE and SL, or each event will be comutec in the sane manner <a were the 
expected dates, Ti and Th. The stcheaulec pian is now ¢ plsh of eétlen to 
be eetivated spweificsliy ond cfiirmatively in the routine merner the 
station uses te authorize and aseign resvomalbility fer work. 

the cursory manner with which suheduline nee been included shocle 
not be taken to suggest a minor rele in the plaming process. Un the 
eontrary, the validetion of the initiel planning through Une scheculing 
effort of the lower levalis of maregement lu essential to the success of 
the planning effort. Tt is the irterection of the planning and s¢neduling 
process that provides « realletie clan: and it is the walti-level 
partiecimtion in the crocess thet, tends to provide multi-level sucport in 
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CHAPTER IV 
THE PONT BSTAGRKs CUNTROL 


Centro] in the marnageria) sense is the comparlesn of performance 
against plen. Heente has celled planning end entrul "Giemeso Teins", 
"singularly inseperatle furetions of morsgemerts",. , wae tein of the plan 
ehich wae develored in the network omalyria, then, must be a iow of 
isfermetion back to top menagenent to shoe the orograesg of tne uetion 
imitiated by the plan aeainst the vlon. 

Tmo Oppesing roints of view eacur im digcugsivng of ocentrol under 
PERT. Une holds that tha PAT neteork showld pot be used ag u control, 


Ler Ue len hes been 4) proyed 


the network in this view should not be ues 
untii @ part or wil of the eroject recvires replanning. °“UoT-derived reports 
sheuid ba ueed for contre]. The network is lize 2 min, on ufter the route 
48 tTixed it is eesier to follow progros) on « cheaxlivt a: icine” 

The onposite view holds that the nefeork shoul! be used u6 "a cyremile 
control germnariom”.  ilnee the network is ased for scaeduling anc 
performance contro] Gi.e. chreetin ), it is better to uge the neteoitk 


&s 


rather than some otto r gat of eubdivisions to corbrel] the pre jeote? 








*% 
Fe # , ee ws, ‘ . » 4 —_ 2 Ry 
RH. Koonmbs, "A Proliminery Stetemoent of oriielpice of Flaming and 
> " ie 
Centrol” in oo. Mw. Dauten, ec., Current isguve anc imcuing Jonegpus in 


Yara genent (Geston: Houghton “ililin, 1962), ©. lav. 





- *eeqys 7, gt. Als » PEAT: & Row Mane __Maneregent Vannine & Control Techniuue 
(Hew Yori: american Meragement association, 1962), .. lle 
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Though these tao arguments pur;ort to be o;:esec, they rewlly deal 
with two different aspects of the cortrel. The letter view, nolding that 
the events in the network ere the basis uson which ;rogress resorting should 
be aceon lished, desis with what should be rerorted. The former, asserting 
that tubuiation of events is better re ort fora than the network iteelf, 
acxnowledges what should be re,arted, smi dewle ~Lth how. 

PAR’ progress re orts crevide 

l. Inforastion on uciivitice sehedulea for completion during the 
reporting period, 

oe & Lerecest of the activities scheduled for the next reporting 
period, 

Se Any changes in the schecrled plan, and 

4. Changes in estimatec ectivity times. 
‘His Kind of iniormation emits tne aesgecament of devistions from the plan 
80 that marsgement con direct ita attention to sismificent areas 4 THUS, 
eliegege im an activity in a goth «lth positive sleek may be eve lucted as 
not significant anc no further frwvestigation or action would be taken. 
Corversely, slippage in on activity on the eritical swth would regulre thet 
the manager ceek more detelled information than is normally re,orted to Ais 
level to be able to arrive 6t & solution to the mobles which «111 eliminate 
the ceiay antleipetea for the slippage. vr the cetaileé unaipsis of the 
Sliv,age may reveal that no accestable correstive oction is available, end 
a replanning of the network «Lil be required, 

All four of the vetails of ustivity rorresy Listed asove are 
necwesary to u Gontrol syste. assence Of inrurmetiun on activities 


sehesiuied for the eurrent ceriod leaves the lorceastad information adriit 
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without o reference from which its gignificenee can be uszessed, absence 
of forecast informition and revised time estimates chamgee the . rogrese 
report to 4 statie historical status rorort of po velue for yur, oses of 
control. The sipniffeance of these etateasnts is thet they im ose 
additional information recuirements on an organivatior. That is to Suy, 
the usual kinds of information being collectec in the wccounting systema 
of 4 mival cetivity are not in themselves useable for progress reporting 
fer cortrol purposes. Jt is the addition of the forecust to the 
current~-status that provides the control festurs. Otherwise mangement is 
Orly accepting 2 ceyiation from its scheduled clan es a feit aceomrli, and 
replennine is merely adjusting the plon by the emount of deviation which 
has already occurred, 

Another point thet should be made is that the generation of a 
progress rejort is only the first, and serhaps the essiest, step in the 
control system. It is when 4 deviation is observed and is evaluated ag 
Significant thet the work of control begins. This is another way of 
recogniging Frederick Taylor's “exce:tion pened Sie” Of mansgement. Koonts 
has elaboratec this prireciple into whet he calle “strategic roint eonmmay,” 
Hers, performance agairat plan ila monitorec routinely, even though there is 
no Geviation, and even though action need be teken only if there is a 
aienifieant deviation, for certain key ipdicstors of the cuslity of slanned 
performance. It can be seen that whut hes been deecribeé hers is the 
routine progress re.orting of siiestones on the critical math of the test 


ang evaluation project. 





a a 





oF. We Taylor, Shor Manogement, (Wex York: Harper & Brothers, 1919) 


pp « 126—27 ® 
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Svoonta, "i Preliminary Stutemert of Frincivies of Flanmine ond 
Combrol", pe LR. 
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Applying these statements to the example . reject, the following 
aetivities at least should be included in the contr.1 system: 

1211 Test Outline Preparation 

1212 Instrumentation Sngineering 

1222 Instrumentation Fabrication 

1225 Ineatrumentation Installation 

1231 Test 

1252 Anélysis & Relort Drafting 

1253 gRerort Publication 
The computer-orlented PERT reports develored by the Special Projects office 
cover a]] activities, or ail ewnts. And it may be argued that by the 
definition of events or milestones they are all "strategic points". Since 
euflficient alippage along any of the ein slack paths could suke thom 
criticzl, all activities come within the corsept of strategic point 
surveillance. 

the frecuency of control reporting must also be determined. It is a 
function of teo cersiderations: 

1. The recuiresent of the receiving manager. 

2. Prepsration tine. es 
Loyiecelly, o eentrol rerort should be in the hands of the aunsger re uiring 
4t in tine to perait him to initiate action based won that re,ort by the 
time that, action is needed. That is, when « deviation from the scheduled 
plan occurs, thet fact must reach the manager who has the authority and 
responsibility to take action in tine for him to analyse the cevisution, 
determine iis cause, determine alternatives to cerrect tha deviation, select 
an alternative and direct the section recvired by the &lbernative in time to 


orevent the deviation from adversely irflueneing ae. saciishment of the 
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initial, or reworked, scheduled plan. This lovieal ideal would reguire a 
system instantaneously seneitivs to deviation dr on infinitely detailed 
scheculed plun. For practical pur,oses, the sereitivity of the control 
reporting system need only be suitable to the cegree of detail in the ; lan 
against whieh it ie reporting. In Fieure § the activities in the network 
span from one to eix weeks, slong the slack paths the shorter activities 
huve Slack of from one to nine tines the setivity length. along the 
eritical sath activity 1225 is two weeks long, ond the rest ore three or 
awre. Since most normel naval effort is on 2 one or two shiftebasis on 
a five day eeek, it “ould appear that a weekly control re ort system would 
provide adeguate sencitivity for « preject of this duraticn unc slhae. 

ye vrovide 4 weekly oregrass resort of oll the activities in the 
network in time to be useful, determiration of status and forecast of 
retaining work must be aceanplished in s relatively short time, end then 
provided to the manager nesr tha beginning of the next rerertine period. 
thus, it is desirable to provide as~ol-Friday status and forecast by some 
time on Hordisy, go that action resulting from that renoart ean influence tho 
work in progress curing the report period bezinning that Monday. If it is 
net possible to oreoere 4 contra) re.ort for a meekly syetem ebout thet fast, 
the “ideal? #111 have to be comproaised with the "real", and a two-wvex 
cycle accestes. It san be eeen from this line of reasoning that activity 
duration will influence toe two bucie considerstions of rerert Jraequerncy, 

Rut ct the u.per Level of momagement, the milestones in the examples 
network creviding sufficient detail, « weekly eystem a; peers forgible. 

fo Llinstrate a progress rerortin, systex for top menegement the J-1 
mroject network hea been converted to a simplified “antt presentation ip 
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38 
aii slack yeth scheduling developed the scheduled date (Ua) to be 
earliest exoected date (TH). All slack, then, is located on the right 
hand end of the activities in the sleek path. > £1t the precepts of 
progress re:orting Cisenssed on page 33, each weekly report woulda inelude 
for each event its 

1. Sehaduled commletion week (date), 

Zo xetimsted xgtunal comletion «sek (dete), 

3- Latest allowible completion Gute, 

4. Hemaecks sunusarising the problems causing reported deviations, 
their igract on other eecuential work, their esus:5, onc recamnaanded 
alfernetive ections to «li inate or adjust to the deviation. 

Sueh contro] resorting is illustrated in Figure 7. Note thet this 
is om example of summerized information cresented to top management for 
cortrel] our;eses fur one test project. It represents tha culmination of 
successive cumasrications of datailed eutiaations of how much sork remuins 
to be done in each activity enc when, andor prevailing carditions, it can be 
completed, beginning »t the work center level with the supervisors and/or 
progressmen. The details of the presentation sust satisiy the preferences 
of the managers to whom the re orting is atdressed. 

Ro naval test and ewalnstiorn wetivity has a workload 49 uml) «5s one 
test projeet at a time. Denending uson the volume arci interrelationships of 
projects on board at any one time, 14 aight be worth the effort to summerize 
mee fect iropresa re orting Lo a comsollid.tec summary. ! Such & atatus susmory 


couls tabulate on one sheet seheduled cates, deviations, amd slippage, for 


Sd 


quick identity of rrojects to which nore attention shouicd be given. Figure & 


reoresents the kin: of summary that would permit to. management to bypass 
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on-sehedule progress rerorts. 4gein the spacifie eontent of such ¢ SUlliMar y 
would denerd upon the proferences of the individual reeeiving it. Highly 
sumesrized re orting would be likely to satisfy only commending officers 
willing to derenc te an extensive degree on the cuggenent and perfornance 
of hie xey subordirates, If this is not the euse, preperation of auch 4 
report is & waste of time and wffort, sines he would oniy attend to other 
sore aeteiled reports, or, in their ebsence, seek information through 
irregular channels. 

in computer-orlertea PENT re ertins systems, the capacity of 
anlomatie cate processing {5s such that given items of information ean be 
quickly and economically prescrted in « yariets ¢ 4arrengemants to feecilitate 
Managerial review, For example, event infermetion can be tabulated tn 
sequence of event, in secuaerce of exnected dete and gecuernce of slsek © 
Heports like these facilitate anelysis of progresa reports, ord their 
wsefulnesa lrereases a6 the sive unc complexity of the netuerk inereases. 
They are illustrated in Figure 9. In a mamial syetem the corstrairt of 
economics Le mere rigorous, ami the velue of such reports bo manxngemert 
Wiil. have to be welghed against the cost of prensretior. Therefore, the 


y 
PERT Coordiratine Croup's sesertion that these rerorts are mirdesl” mus 


Fa 


be &€ relative evaluation, et least within the frame of reference sutlined 


for this super. 
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PORT Quide for Menceoment Use. pp. 33, 34- 
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SAMPLE CONTROL REPORT 


CONSOLIDATED PROJECT SUMMARY 









PROJECT JUL AUG SEP 
3 10 17 24 33 1-7 Akh 2) 28 ieee Ss 25 


SCHEDULED 
COMPLETION 





ee ee ee et eer ee 


iqaed-2 Icing Tests -), -/, —3 —2 -2 -1 7 Octron 
19. J-2 Relight -1 e) O +1 +1 O-}| 10 Nov 64 
20. J-l Water Ingest O O O | 15 Mar 65 


21. J-1 Hi-Low Quals O 
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O O; 0 vii -l1 | 1 Jan 65 


etc. 





Weeks ahead (+) or behind (-) latest scheduled completion cate 


Figure 8 
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J-1 PROJECT EVENT READOUTS 


Secuence: Event 







Complete Test Outline 







Complete Installation Engineering 


Complete Instrumentation Engrg 






Start Engine Installation 


Start Instrument Installation 















etc. 
= Sequence: TE 
Title SCD eels 
A Complete Test Outline 
B Complete Installation Engineering 
C Complete Instrumentation Engrg 
D Start Engine Installation 
etc. 
Date: pee Seouence: Slack 
[Event ECD 












E Start Instrument Installation 9-11 
C Complete Instrumentation Engrg 8-7 
D Start Engine Installation ye 
A Complete Test Outline 7-1 
B Complete Installation Enginsering 8-2 





Figure 9 





CHAPTER V 
MASUADL PLCARNING ARD CONTRUL 


The previous chapters huve swancrized features of network systema, 
described 4 remresentstive test and evalustion orojest, developed the 
plerning network for it froa higher management's point oc view, and releted 
to that plan < progress re urting systea. It is now necesyary to out these 
slements into the frame of relerence = nop-automated munageaent olanning and 
eontrol. 

Tha literature of clunniry and control ,robably contains 45 many 
tabulations of principles or charecteristies of these functions ag there sre 
writers, Many are common, and muny that differ ure realiy just differences 
in temsinoivogy. From this weriety, some of the principles or chéeracteristies 
seew to be the sajor or sest imperative omes, and LL is against taese that 
& eystem should he tested for udequacy. 

Planning hag been characterized as 4& choosing among ezlternitives to 
seek 5 consiotert, irtegreted, and arptioulated , rogram to achieve « selected 


objactive or goal. Control, ther, seeks to compel evenie to corform to the 


2. 
plane ‘This exrreagion of the two functions wtphasiges their "Sianeseness”. 


treefar ay they can ov geraratedc, plinning wulea a paar ab ieust initieily 


to have bo oretede control.” 























FA | | - 
8, Goets, Management “Lanning anc Cortre] (Men York: «cGran-Hill, 


L949) Be Be 


“Koonte, "a Preliminary Statenert of “rineiples of Plenning and 
Cantral." He galis this the pripeinvle of primacy of plocrirg. gt seems 
¥ 3 # 
teutologicsl. 
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Planning for e test end eveluation profect must begin with receipt 
of the assignment of the project. Thie may be e olece of paper from the 
munsgement bureau, or it may be dnforeation received in advance of the 
forms] assignment. In either event the initiel planning wi°l invwolwe the 
identification in brosd terms ef whet ig to be cane, when it will be cone, 
anc how it will be dons. As the project is broken down inte component parts, 
successively lower levels of management should be Involved, down to the 
point where the work peckages or activities which relate to tae organizational 
units principally responsible for their accomelishnent hove been ideriivied, 
AGS tne work packeges are identified and their relationshivs and seuverce of 
performance Getermined, the network wii] take share. The levels of 
Management brought in will ussees the work involved and estimate the elapsed 
time resuired. Then these managers will take their work packages further 
down in the organication for datalled echeduling. Returning back up the 
plemming chain, the results of the seheculing will be used to edjust tre 
initial feasible plan on inplementible form - 4 secheduled plen, in “SAT 
tered relosy. 

the system summerised hers and described in Charbher IT and Tt 
exhibit aome of the malfor choracteriaties on the planning function. First, 
the plon focugss agtion on the purpose or objective or the prodect. cweeh 
of the activities in the network have been identified aa necessary steps 
in the acolevemernt of the final geal. The plan is therefore an effective 
plen? 

Une of the edvantages or PERT systems is their syateustic approach 


to planning, ene their ebility to bring ‘te light the cenencencies and 
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interrelationships of the various pleces of effort that go ty make up a 
project. The result of the planning erfort ie a seheduled plan of action 
which hac attempted to identify 611 contirgencies in advanee tu errenge the 
flow of work to allow for them. Second, then, the clan may be guid to be 
efficient.” thet a6, it is intanced to attain the objective with a minimum 
of unsougnt consequences, anc with « lesser ex-enditure of reseurces than 
sould otherwige ooscur. 

ihird, toe scheciled plan ie corstrueted by the joint effort of 41] 
the Jevels of the orgardvation wlth resporsibility for accomzlishment. This 


ft 
has been caliod the crirgiple ef the pervesivenese ef plenning. P It 


smcorverctes the jogieal icea that the best way to engere a man's interest 
in tis execution of s task 1g to involve him in the planning of it. This 
woule seem especially valid if orsige and blame eccrued to his percormance 
in terme of the tusks he hinseli curtly clammed. ‘Thus, while it may be said 
that Port acheduled plane involwe al] levels of aupervision to insure their 
ancursoy end yvyalidite, the benetitse of the incentive agpeet follow as well. 
The ayailebility of these cheracteristics of = good plamniny system 
foun’ in “ERT is fucllitatec by the feature of test and evaluation rcrojiects 
Mentioned srevieugly. that is, their relatively narrow scone and relative 
repetitiveness ir general outline. These two features vernit the use of 
some of the PUT technicues which under other circunstarces rould require 
the servicas of automated date processing Pacllities. The J-1 engine 
project wes broken down ipto sixteen raaleeffort eetivities plus four 
pgeuce-setivitiies, arranged in seven paths in the project network. [If 211 
fourteen res] activities had irvolwed uncertainties receiring the 


threw-eatimate awihod, 1% can be susan thet the cotermination of most likely 
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times, the critical path, slack, varliticns ened standara deviations, would 
not be am unrealistic burcen to icpese om humens with cesk caleulators. 
further, it ean bu visualized thet in the evant thet the expected completion 
Gate (Ii) was later then « dlrectea date (40), the semextationas reyuired to 
assGas the application of alternate levels of efiurt on various activities 
MUL BULL be aithir the @actical limites of « marual systea, even if a 
Guzen alterratives were tested, 

nétimutes vary as to the sive of & prejeat thai ear be deelt with 

manually. Une avurce usserta that wemial routines een hancle critics] 
peth, eucperitios) .@th, snd alack tines aetermirations for retworsa or 
aggrvugates ol networks réenging from ritty te “seweral hundred events.” 
Another asserts moce defiritively thoi marvel metneds are “worth the effort 
in networks up to 20 erenta. #ithout selweting ome desertion ca the right 
ome, it can be geen that the hypothetical d-1 project can v4asily be hendled 
mupucily. Indeed, Lf eaen of tie worn—packages in the extugle wert PanTed 
inte cuaponent detaiied tasks of fourteen events ecen, tne entire network 
would represent only 196 astivitiew. ur, ii ten Lest crojeets vor the 
gee-level test cell esre 411 networkea to Lie aans detalii ws the J-1 
project, mad about tne dane curation, ana were relates tnrough the interlace 
events into « saasteur test cell nuteork, some elgaty weuss of vinnmed test 

@l1l ties would be reviwoentec in a iveevent tolewex. ever eiihin ony 
giver. network sise, tas amouni of eflort inwolwed can be weriec oy the 
degree of céta.l dewended of the a7steite 


is the relatively seeli eice of vest cru eveluation neteorks 
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facilitates the mon-computer arproach, the reletively marrow seope end 
tendency to recurrent effort does sc aloo. his is noi te say euch tust 
ang eyoluation rroject of a given elaugs of equipment is erzuctly the same as 
its predecessors. If this were fo na possible it would only mean that each 
engine or cataruit or hull form waa exuctly the sano us its predecesuor, anu 
the only testing then regulced mignt be some quality contreal testing of 
gamples OF & prosuction rum. wn the contrary, the teat and evaluation 
function is requires by the fect that successor equipmente ars different, 
that siluras in worviee do scour from diffarent causes. However, os is 
exeupliftied in tho hyrothetieal J-2 jrejest, the kinds of effort renuired 
se@a to fall in « general mittern. That tiis 26 se venas ta reduce the 
tetal networking effort to Uh: degree that the reeurring pattern ts vroaptiy 
recognized, end srevious suerlence enrecites the setaiis of planning. 
Turther, it may be argued that the open of PERMae in « manual system can be 
extsrced by the ceveloomert of — mouc)] nelwerk, or & oolleetion uf sodel 
hetworks, one for each of the seyornl Classes of teat end ewaluation prejects 
identified at the giution. 

re use of a tyvies] or satablishec pattern of carrying ont projects 
Gan sneea ur thy early phagus af Planninc, Gn edvaniags espeelally valuable 
hen tight deudlires Yorce sume concurrensy of olarning «ri execution. 

The Defense syetenc Desartwent af “encrar ~wlectric Cameny uses a 
model eystee for tne frenaretisn of contract proposals, which generally 
muet be cocogplished in abeut thirty days. Te expeaite propose] preperation, 
the common feutures sre ex;dcited to deesicp x standard network and a 


glossary of stundurd sark activities. « third plermirr elu is & Cumay work 


: =: - «& 
stutbamert, in this case a aode. Request for Proposal. Ihe proposais 
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prepared with these aids themselves contein up to 1600 to 1800 activities, 

ii « model project, « model network, and 4 Rlosuury Of ectivities 
can heip large orojects under rigorous time constraints, these aids ean 
facilitate manual PERTing. There are hagards involvec. One of the 
objectives of "URT is the production of a valid nete@ork which is vaning? ul 
to those who are going to exeeuts the sink,” In the Defense Dlectronics 
Civision of Generul Dlectric Coapany, where .ro‘ects tend to be more 
diverse, experience showed that standard eyent titles (the glossery device 
above) delayed and confused planning because of the time spent trying to 
decide which etenderc titles were aypropriate to the project under 
congiderstion.*” It is interesting thet these oprosite condiiions occurred 
in different divisions of the same corroration. This is taken to illustrate 
the Giverse character of munagements, and supports the argument thst such 
a device is at least worth a tric] where projects exhibit a degree of 
siailerity. 

Recognising that ro two crojects are exactly the same, and that 
different project. dlrectors and project engineers will nove a differant 
approach to building a network, too rigid an udherence to «hat should be 
guides or aics can compromise meaningful networking. Standsrd networking 
mast thurefoe allow for smcificution to adjust to changing project details 
and personnel. 

To say tel control seeks to compel events to eorform to plan is in 
& gense bo combine the secusntial ideas of control and recirection. i: is 


tha controls which stioulats the red4rection thei is of cencern here. In 








7 Bursk and Chapmun, p. 106, 


tee ty a 


1, ff. francis *Preetieal Advice for the Use of PERT? in Stilien 
PERT: A Kew Mararemert “larning and Contre] Techni ue, pp. Iie 
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49 
thie frame of reZerenee, Henri fayol'e atatanent toat control is verifying 
that everything herpeng as wes —.,¥ sore auprocriate. Control 
requires & Slow of information to the level where tho control is being 
exercised. This {lew is secomrlished by reporting. 

the characteristics of control reporting in the iliterature evicense 
the sume verloty as of slunning, and therefore may b- discussed in a 
similur marmer. If control aecks to compel events to conform to plan, the 
comro] dmformetion must be in terme of the plan. The general echarecter of 
PLLT progress reporting reflects thia lageretive. The activities anda svente 
in the project network ere the terme in which the profect is planned. 
Therefore, control reporting is these terme, another aypect of control 
reporting is the recuiremont of arganivzéational oak bewi iia. This cuncept 
holds that if mer gers anc supervigors are the meena by which ectivitias 
are socom lished, the cortroels eust sult the orgenieationa: arrengemert of 
bepuenethaaate. the mature of the PukT work breskdown structure is auch 
ag to satisiy the desunds of both setivity ano organisational suitebllity. 
One corroratior meets this ides cufte explicitly. Im the eyaten used at 
the Snace Guidance Canter of IRM, eentral re ort printouts for every 
resrongibility level include the nae of the manager to whom the control 
date ie being summarized. This aaéil audition te the easputer rregram is 
intended to stimulate the personal interest of the Ledividuale involved 


4 
in gach project. Vartdcipation in e.ntrol re orting ¢arallelis and 
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Miso ten and Letue "PaT/Cost Case Study", lecture. 
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reinforces p&articipation in the planning funetion. 

In acdition to orle: tation to the serk structure and the organisation 
structure, ororrese reports must be oriented to time. The report will state 
what hse been done ea of the cutoff date of the re;ort. That dis, it will 
reflect historical dats. @t since cortrsol is simec ut correction of 
deyictions and/or rreventing future deviations, tie report must also audress 


15 


itself to future periods. This prineiple of future controls” ” is eabodiled 
in “BRT progress reporting aa exemplified in the samples in Figures 7 and 8. 
The sgignificsence of this kind of information in control re arts omphesices 
the importance of fits accuracy. If alippage is revorted us of the report 
date and the forecast shows the slinpage bein: overcome before the schedulea 
completion dute, mo action will oceur at higher mzrazement levels. assuaing 
mo other adverse circumstances arise, if the siicpage does in fact ~ that 

is, the Jorecise wes jracecurate ~- then the advantage of the early report of 
slippage would have been lost. Conversely, forecasting silneace when it «wii1 
not in fact oceur reduces the range of alternetive cholees management may 
corsicer in solving some other slis;ége. This ie not to say thot ineccurecies 
are intolerzble, Yor such un attitude would be unrealistic in the extreme, 
but réther 1t ewavhasizes the need for corseientious forecasting as o: posed 

to céreless “shot cumming” or blased reporting for self-protection or 
sell-agezrandi cement. 

Neporting outloox for subsequent recorting perlods will, because of 
the meec for timeliness, be approximete. The aceuracy of such anproxi- 
mations will derenc on adherence to the Leserative discussed xoove of 
reporting uo through all involved leveis of the organivation. for exauple, 
sucrose that activity 1221, ingine Suppert Fabrication, for Lhe J-1 project 


invelves seven interrelatec items of work im two work centers, as 





-_- 

~*~ ra 
oe 
Cet ee ae ——— 

+ —-— oe oe es 
| Cm) 6 ae eee ae ee 
-_— = a ieeamen died | o— 
Peele) ee ee ae 
7 = = — 
| * “S“@QGap «t. «a ae « | 
ae — 

ae a enw Do yee 

= = 
ee 

evra —— pein 
. - - = ———_ - =e. 
a ad 
~~ 
‘ea & gue omdb om, 

“ “ace ae = —-> a ae 
- ry 
—— a SK =< ==) a © 5 « — 2. 


























































lle —% 
~~ - 
= 
=»@ -— od oP at 
——<— “a Ee i Uc ll | 
= 


* 
—=—— Qe —,' 
= Ee 
oor 
> ———- 





—_: = 
@& 
e — 
& '(—<—> “~ 7) 
© <=> —_- 
_-_— = = = & —— 4 = 
| lr 2 
— «Se = ee = 
——- @ 
—— Oa 


2 “= = © 
_ o-=> 
— _-« 


51 
Lilustrated in Table 2. The estimation of progress anc the forecast of 
completion of each of the items can best be Gone by the work center 
supervisors who are resronsible for the work items end are supwrvising their 
accomplishment in the environment of the tetal workload ef their work centers 
Over the time period irvolwed. The Service Shops minager can thon usseable 
theza ostimates into 4 forecast of the activity progress to present to the 
Project manager, snd so on upward in the organisation (see Figure 1, page 20, 


and Figure 3, page 24). 


TaBLe 2 


CORK ITEMS, aNGINE SU PORT FABRICATION 





na te Re OIF OS IN oS TO a Fea attacrraivas nth Yay co reia aon Dae i en PO Paneer Wena onan OREN NOEE Meatrasr ae FRONTS AnD 7 tna oe aye awn iernsas ipa head 
#ork Center Tien Description 

Sheotmetal A Fabricate Inist «dy Labyrinth Seal 

Sheetmetal B Sena 4 te RevonipYerd Fhile. for strees relief 

Yeoh ine C Waehlne adaptor amc Gea] of 4 

Sheetmetal D Fabrieatea Inlet Alr Duct for a 

Mach ine iS Machine Dlangee on D 

Sheetmatal F Modify engine stand 

Machine G Machine and driil stand to take duct. 





In discussing control, the idea of redirection wee renoved. Thihe 
idea ties the twins of ;lanning and control togetner. Tf « plan is prepared 
to do a job, anc controls are ueed to mexwsure accomplishment againat the 
ee ee ee ee 
plan, then redirection, or navigationsl chenge™, or recycling , is the 


dynamics of the relation between these two concepts. shen serformance 


devistes from plan, elther acfjustments at the operating lewel must be made, 

















Wr oonty » pe 12d. 


. 
a CC — (oe ee ae pa oon! aml 
— lee fewer oe ee le GS oe ee 
Re i ‘Mees, a 6 6— 
ee: Mii ee A 











ae ee ee «W/o eee oe A 





LE i A UN mm Rll 
—me EE: i tt mm 
oho 


at a 
lt mmm IP ei ly 


52 
of some degree of replanning-~am reegheduling--of the plan must be 
performed. Ti is in this reeycling process that the involvement of wach 
level of responsibility dn planning ond then in progress reportin; pays 
off. Indeed, thie involvement can be asid to bo the key to the use of 
network concepts in non-sutomated systems. 

Two statements cisatill the idea of participation «s the key to 
success in teéking advintege of PERT techniques without autemetlec deta 
procesaing. Learned states: 


The effectivaness of 4 contral system is in large measure ceter- 
mined by the extent to which it hea been inecorowrated in the dai 


= 


routines and expectations of the personnel sifected hy it. 
fhe FERT Coordinating Group asgeria at the outeet. In Lte PERNT Guide that a 
Manigoenent toel or techrique no mitter how sophisticated is only & tool and 
can never be ¢ subatitute for efiective minugera.?? Parenthsticaliy it may 
be observed that such o tool may, however, helo reves. ineffective muragers. 

The mechaplLes of the technicues so far degeribed ahould not obscure 
the fact that they are only technicues, intended to feeilitate the flew of 
information and prevent oversights onc inaceureeles, to structure inivoremtion 
flow in a@ rors crecise and useful mommer, In the abrernce of the epsec and 
capeeity of somouter systems, this point is aavbliy important. The dita 
develored in & mrugoment plarring anc cortro] syatem based or the PERT 
concepts: muat move through the levels of management involved in tiaw to he 
weeful for the purposes fue which developed. The reason the illustrations 
in this puper are net smoothes into som.letely developed forme is to avoid 
the implications of "“formitis*. It is the information contaired in them 
that must move, mot the forms. In discussing PRT reporting Stilisan 


observes thet informution is trensmitted on a more timely busie by eord of 
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mouth at planning and control moctingss This method will certeinly 
suffice where these techniques are engrained in the orgendsution's daily 
routines. ven in the com uter-~oriented system of the Special Projects 
Office, the Milestone Progress Repooting System for the POLARIS project 
included weekly or bi-weekly revorting by tele hone to insure the timely 
reseipt of information. Standard form reports «ere subsitted afterwards by 
mail for corntirmation curseses a 

The im-ortance of the principles GLscussed in these pages cannot be 
Over~emohuglzed. Progress information must be cevoliojad in tera of the 
pdarning Gane. ‘The persemmel invelvec in « sruject must be breughi: to the 
gondition of routinely dezling with ths projeet in the terme in which they 
theaselves planned It. frozress reports muet ve delivered wheres they ere 
needed when they are needed by whatever asans gets thom there in time to be 
useful. Toe the degres such reporting is desixved on 4 form] béesiz, this 
Shouid be Gone on « oontigmebion busis if 4% eulld otherwise interfere with 


timely reporting. 














an 


20staidan, et. ale, PEHt: A New Management Planning and Control 


Technicue, p. 85. 


“1, peedal Projects Gifiee Program -lenning ana Control System 
Wéeshir.gton, De Gey 1.59566 pe 13. 











CHAPTER VI 
THE ADDITION OF cost? 


Management not only views ite tasks from 2 scnedule point of view, 
but also concerns iteell wlth the costs of eecomplishing its tusks, both in 
én absolute sense end, beceuse of the finiteness of the resources avellable, 
in relation to the schedule. The Critics] Path Method, CP¥, separates 
planning from scheduling, anc in the scheduling phase ceals with both time 
enc costa as Iintercepencent functions. Easie “ERT integrates plenring ond 
scheduling on « time basis, with the feature of being able to develop 
probabliities for thse estimates of project curation.” while sehedullng the 
PERT plan is cone in terms of time, cost - ingofer as it involves cvuliiole 
manpower ~ ig unavolcably, if indirectly, involvec in the effort by the 
schedule terms described in page 10, To oxrlicitly recognize cost 
considerationa and integrate them into TERT plenning sana control, the 
Department of Defense end the Natioral 4eronautics and Spece Acwinistration 
have devoloped guidelines for « uniform PERT/CUST systen. as with the 
original Special Projects Offiee PERT technisue, “ART/CONT is primarily 
conputer-orlented, though not restricted thereto. In the same way toat it 
was earlier argued thit the advantages of network tice systems should be 


avullable to smaller efforts without the services of ADF, so too should 





ihe description of costing is based u:on DOD oma NaSa Guide, Part 
COST Systems Desien, Nushington, DP. ©. June 1942. p. ii. 
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developments in cost planning and cortrol be available. 

fo oversimplify, PERT/COLT te merely the addition of cost estimates 
to the TIME network, and the subsequent collection and reporting of cost 
date for eantrol purposes. Practically, however, several judgements must 
be made in determining the frequency and detsll of reporting, and, from 
this, the detail in costing the network. logically, these judgenerts will 
relote to 

1. The duretion and approximate cost of the croject, 

Ze the degree of uncertainty in the sork, 

3. ‘The cegree of detail in the network, 

he The Gate-handlins cepweity of the accounting system, 


» The ability of the accounting system to absorb additional 


Wa 


classificutiana of cate, 

6 ‘The usefulness of the information potentially «available from the 
aecounting system, to the managers involved. 

agéin using the hypothetical J-1 engine project to illustrete, the 
planning process develope < work breakdown structure to the work packige 
level, and 6 network of the interrelationships of the work packages 
(activities). The scheduling crveess whieh begins st tais point can now be 
performed with detailed cogt estination. Costing must begin from the pottom 
of the work breakdown structure aith the fecple who are actually coing to do 
the work. ‘the formulation of cost estimates in terme of airect mun hours 
and material requirements wlil be in more ceteil than #i]] be sarranted for 
cortrol rasorting our osges. for exaaple, each of the work items shown in 
fable 2 on supe 51 will be estimated in detail by the two work center 
surervisors. ‘The labor estimtes will be priees out at the «, plicable wage 


rates, the materiale prices, and the total tuken to represent the coat 
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56 
estimute of activity 1221. At some naval activities this kind of eatimating 
is performed by & "planning and estimating" unit, in which event the work 
center supervisors must be afforded the opportunity to acee:t - that is, 
commit themselves to - the estimates, or to mudify them to the point where 
they will agree thet they can aceomplish the xork within the estimate. at 
this point 4 work center manpower lozding analysis will permit scheduling 
of Aetivity 1221 as described on pages 30 and 31. In similar fashion all 
of the activities are costed for direct labor anc muterial, and acheduled. 
From this effort, a scheduled and priced network for the project is 
Ceveloped. Figure ]1 illustrates the build up of the costs for the J-l1 
Project. 

Control is exercised through progress rerorts showing progress 
against plan, and forecastin.: the work remaining. Here the corstreints of 
the information systen and the needs of management must be balanced to 
determine what reporting will be useful anc timely. #ithout limit on data 
frocessing abliity, the project network could be expanded to include each 
of the work items in each activity. ven if thie were feasible however, it 
might not be useful, because irdividual items are not cost signifieent in 
relation to the project. for example, work item 8, stress-relieving the 
inlet air labyrinth seal on & knoan-price Work Order to the “hilacel;hic« 
Snioyere for #100, is rot cost significant since the estinate is rot subject 
to significant warlation and is not a significant proportion of the Activity. 

The DOD and NASA Guide asserts 

The level of datail te which it is desirable to apply the 
PERT/COST system is largely « matter of judgement, end varies from 
project to sroject, fron one part of a project to another, «nd from 
the cro /osal preparation to the execution stage of the seme project. 
Ag such, it is unrealistic to specify 4 predetermined level of 


detsil....for arplyinz PERT/COST....#ather, the level shoulda be 
determined by the program or project manuger, anc should be a function 
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PROJECT COSTING 


J-1 HIGH-LOW QUALIFICATION TEST 


Work Item A Work Item B_ .~ Work Item C 
7 10 #100 $212 


Work Item D Work Item E_. Work ltem G 
$550 $60 i $15 







$1683 


Work Item F 


Activity 1221 


Wy 
$33,265 

















Da) mere | 123 | Zz 
£8, “AY : $5,135 510, 020 | $1,305) 
: . 

1211 | 1221 1231 | an 

$910 $1, r $10,020 | $1,305 
1212 | L 
#1, 090 J22, 120 
L 
$665 





| 122), 
7 30" 

| 1225 

| $940 


Figure 10 
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of such factors ea: the sive and eowlexily of tne »roject, the 


degree of umcertainty of tne work, the familiarity with the aork to 
be rerrormes, and the time availabie fur plenning. 


Here aguin, os argued in the Basie “HiT diacusaion, the relatively 
harrow scope and relative repetitiveresa of the twat snc evaluation projects 
at one station mitigste in favor of a degree of rredetermination and 
stencardization, anc the restricted data oroceasing capability requires thet 
these jimitations be exploited. 

The question here is mot whet data can be gathered, but what 
information can be assembled for cregress reporting in 4 tisely fashion. 
Standard navy recuirements for s; proprisetion accounting,  »ayroll expenditure 
and Object class ecovunting, together with commen Job order methods for 
responsibliity and coat accounting purposes yrovide labor ami cost 
classifieations «hich with orly slight adjustment will furnish sufficient 
data for rroject cost control.” 

in @xemple of part of 4 simple job order eystem is diagramed in 
Pigure 11. It is & segaent that reletes to the J-1 engine project, end augs 
mot reflect ai] of the clagsificetion that would be reguired for «11 internal 
and externa] reporting requirements. 

Sith the variety of dets avilable, 4 selection for proyreas resorting 
Muat be made, It oan be asserted on the freee of it thet & weekly re.orting 
of detall through ail Jleveis from the work item level upwerd for cost control 
purresss would be an urreslistic and unattainable poal in « non-cosi ater 
syaten. However, having selected weekly schecule progress reporting, cost 
Fevortire to similar lewels om the sane Yre uency may be selected. Here 
again, the question gi coast signiiicance mugt be reviewed. In the J-1 
project, $23,265 in direct costs ls piammed, oyer « 29 week period. assuming: 
an oven Ilow aver the curation of the oroject, the average weexly rate vouid 


$1,147. It would arresr doubtful whether meaningful variances from this 
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‘troreinl Management in the Ne Veshirgton, Oo. Co: Eureeu or Navel 
Persormmeal, 1962. ppe 125-152, 145-155, 167-177. 
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EXAMPLE ACCOUNT CLASSIFICATION 


CODING STRUCTURE 


e e td e td dd ee 5 He 


Other accounting date. ee 


Project code-- provides for 99 
active projects. . 


Work Package (Activity)-- provides 
for ten major categories of ten 
activities each, or for 99 
serially identified activities. 


Department/division/cost center 
identification. , 





Details of this structure will depend 
upon the data sorting method used in 
the data processing organization. 


A position-coded system for the J-l1 project would appear as: 


G10 Ccne SE en 3 


Other data sa lciseanonctica | | 


J-1l project 
High-low temperature qualification 


Installation 
Engine. support fabrication 








Laboratory 
Operating group 
Machine shop 


Figure ll. 
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amount could be debeectec sirce the level of detail for plurring purposes 
was only down to the work package - cetivity - level and deviation from 
schetule may well be only « change in the location in timw of the direct 
deliur flow, not a change in setusl cosets. On the other hand, weekly 
otatus, 26 not significant in itaelf oan be useful ower time in 
indieatirg to tap managemar.t tranda in the Clow of dollars. ‘The usefulness 
of such atatic information will depend upon the sceuracy of tre , lan ageinst 
whieh setual cost is plottec. ‘or instonce, in the cese of Activity 1221, 
Operating personne] m ght requisition and position the material rewired 
for the Activity in advienee of ueny eignificant manpower exienciture. Such 
Geviatiora from s straighi-line floes of resources woula heave to be refleeted 
in @ status re.ort. Fieure lé illustrates ea praphic ;reventatior of direct 
cost statue on & weekly basis. The time axis nae been matched tu Figure 6 
On page 37, anc the timertased CULT plan was built from the teble ir 
Figure 10, page $7. The rre-ositioning of metariuis at the beginning of the 
installation Aastivities is remesented by the "humolne’ of the plan line tn 
thet time vceriod. 

In the dlacus@isy. of contre] in Cheater IV it wee urgued that pegress 
resorts for control rewired both etetus and Yorccust invermstion. The cost 
re.ortirg Clacussed above dees not reflest any forecast of futerc performar es. 
A meenarieal arplication of schedule variance resortec In ime Sample Control 
erorts in Figures 7 and & would merely anift the position of cumuistive 
setnel gost levela along the tise sesie. fn order to i: elude meanimerul cost 
foreesste in control re, orts, it fa necessury to report the aollur coat 
originally plenned for the amount of serk actuslly cecomeliched to dete. ‘the 


DOD/MASA Guide, dealing in terms of gevernment contracts, refers to thie #ind 


of sotiaute as “contract estimate for the work rerformea (crogress) to 
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date."? From this inforestion the cast under-run or over-run to date can 
be cotereined. This variation tovether with senecsle verletion will :ermit 
& projection ul & revised planned cost line. If the performance revedled 
“y this time cost status irforme tion warrants « reeptimate of HOS L-gignifi- 
cant achivitles lying in the fuburs, a orojectea Line can be SeVvsloped Lo 
dpelude thot dote au sel. 4th such date an explarnctaen cust be inéinded 
of the basie for the yariation onc the forecested additions? variation, go 
that senagenent can .geesu tne signifieanee of the warletion and decide 
whether una bow far lo explora alternatives. 

dt Gan be seen from « review ci the agiivities in the J-1 project that 
the @achedule on. eust estimting of some aetivities, sueh as 122) 
instrumertation febrieation, cannot ba pexrlormed to the hichest degree of 
aceursey until otner agtivities, such as the weeien work on 1212 
Instrumentation ingineering, are cammleted. ‘The LOD/NAGA Guide stetes that 
if ie preferable thal the acreduiing progess be completed befure tina cost 
estimates ary dee” the sequential nature of the mator gubdivissers of te 
wore breakdown structure is such that thu erly cetivitiss can be suceesa- 
fully soebed arc seheduled together’, With detailed coating of tha ister 
aclivities Geluyea perhale ever until tae early activities are setually 
Atarted. 

Having developed cost stutua ivvormation for trend inaieation, the 
effort required to estim.te on 4 routine basis the sork actually perfermen 
must be aelighed agairst tie userulress Lo management of the variance 


reveslec. The DUD Nasa Guide, dealing with large, multi-contractor projects, 
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& 
suggests monthly reporting. In projects of smaller scove tian miltim-year 
projeats, monthly re ortine may pot suffices becaug: the werk bre«ckdowen 
S preskenes or goes below « month's epan. Teo eltermutives seen to be 
available. Une is to report the "contract prises" es of activity con: letion 
dates, sinplifying the tusk of estimating "eontruct” values. ‘The ether is 
to report contract :rlce when the aetual Line devletes frum the scheduled 
estisate line by a pre-selected dollar and or time: amount. Fotn of these 
alternatives are identified as compromises to the full scsls PERT/COST 
technigus, which may be required because of the ubsenes of oD. Figure 13 
iliustrates in skeleton form the addition of griginsal-estimate value of 
work aetually performed to the cost atatus in Figure 12. Tabulations of 
cosis on 4 sroject sumeary similar to the schedule summary illustreted in 
Figure @ #o.1dG serve top mansgesent in like manner. 

The selection of deta for inclusion in control reports is rcrimarlly a 
function of now quickly the cata reeeesing function can : resent it. Even 
though the capacity of « non-computer aystem is highly limited because of 
the roquirement for timeliness, histerieal data in ss much dutzil es the 
dats eoliection system will ellex must be collected: as activities end 
projects are complete. the labor, materiol, celiar, ami work center fucte 
must evertually be tabulated in all of the arrengenents useful for 
manmagenent planning. 4 reservoir of sueh historical information can be 
useful for preliainary cost and tine estimation of future projects in 


aéwance of their forma] agsignment to the setivity.” 
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J-1 PROJECT COST PROGRESS REPORT = he 
es eee 
Time ee 
Pro jected 
Overrun, 
-“No—pro jected — 
schedule 
slippage 





Forecast 
A \_ Bud 
ee estimate 
j><Under plan 
44-7 Overrun 


Original-estimate 


a 
value of work 


Figure 13. 





CHAPTHR VIT 
SUMMARY ART QORCLUSIUNS 


Hetwork systems are cheracterlzed by their highly ergenized «,;procch 
to the vlanning function. Their usefulness is greatest in applications 
involving lil-defined work auch as one~tiae or infrequently repeated nrojects, 
anc complex programa such cs major weapons systems and construction projects. 
they are bases on ins development of & model of the project whic¢h identifies 
the interrelationshive and interdependencles: of the indivicusl tasks that 
mike up the project; an eyalustionm of the network ~ and adjugteaent if 
necessary ~ An suen 4 way thet the risk of fafling to reach the objective 
on tims and within accentable cost will be minimised, and the use of the 
network to monitor and control the srofect it represente. The newest of the 
rapldly deveiering network metnods is the PERT technique. 

The bagla PERT method is time-orlented, enc includes 4 means of 
devenuining the prubsability of acnaleving the sehedule which it produces. 
Gnis Leature may ba used where the uncertaintics Im the work being plinned 
are high, or mey be Gieregarded for more familiar tasks. ‘The cost of 
accomclighing the vreject cen be estimated in the network and can if 
necessary “ea releted to the muilipie time estiwstes of uncertain tasks to 
fwovide “aogt likely" dosie oF these tasks. 

Hvalustion of « “ENT network identifies the *critiesl pith" - that 
secuence of tasks called work packK&ges or activities, which will, if delsys 
oceur in any one task on the sath, aeiay the whole project. kioaledge of 
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thie path, and of the amount of "slack" in the other paths through the 
network, enables manigsmernt to deyote its attention to the problems which 
arise that sre sotentielly most serious in terms of jeopardizing the planned 
completion of the project, and to iéentify mths from which resourtes may 
be diverted or where work may be rescheduled to mirimice deviations from the 
plan. hen cost is arplied te the network, an exlicit assessment of the 
costs of alternatives is possible. 

Qne of the requirements of PAlT-type systems ie that the breakdown 
of the projects into component tasks be continued until each work package 
ean be identified to one organizational unlit whieh will be responsible for 
its eceorplishment. With the work breakdown stracture identified to the 
orgénizetion atructure, & aystea of control reporting is pessibie whieh 
relates to the tasks in the network ant to the individuals responsible for 
each task. 

In large, complex projects the number of setivlties in a nheteors, 
und therefore the number of maths through the network, is largs. Com -uting 
the time slong there ,aths for identifieation of the critical path end the 
sleck in the other paths, scapeciclly where sigrificsnt uncertainty occurs in 
mony of the activities, resulres Lorge wolume of cata processing. Ths same 
is true shen evaluating alternative actions to minimise time or cost, or to 
replan parts of the network to relieve deviations from the original plen. 
Large anounte of date srocessing are also reguirad to provide timely progress 
re-orting in large projects. Therefore the PLaT-type technicues as they are 
Geveloping sre orlented to automatic cate processing. 

Wavy teat and evalustion work is assigned to a wice variety of 
luborateries, stations, anc unite afloat. Any one aetivity, however, hes 4 


relatively narroy field of effort in terms of the Kins of iteme it works with, 
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67 
and the work it does tenis to be revetitive in general outline. ‘These txo 
facts permit a certain degree of standard networking. "Prefabricated 
networking of projacte of relitively narrow scone reduces the amount of 
computation of erliical paths, slack times ani costs so that the work can 
be Marually perfomaec, Replanning will in the same way be redeeec to a 
level auacertible to mirusl methods. 

Progress rerortirs fer cenmtrol ,wrroses aust include actual 
performance againet the plan, amc a forecast. Schedule progress re:orting 
summerizes upward the progress of each level of the work breakdown structure 
for the revorting period together with a ferecast of the forthcoming ceriod. 
In & non-autom.ted system the level and amount of deteil desired will heve 
to be ecomvromised with the es acity of the reporting system to deliver in u 
timely fashion. In this regerd formality of the reporting syaten should 
mot be a@licced to reduce the volume and reg.lurity of delivery of required 
4;formstion. 

Cost resorting involves the reassembly of much of the» cost information 
commonly collected under the Navy accounting system. The freuueney of cost 
reporting anc the detail required is largely a matter of Judgement de; ending 
upon the sise ond comolexit’ of the oreject and the sivrificance of thre 
activities in the work breakdown structure. Comeromise sslutions to the 
cpoblem imrosed by the Limitations of & non-cumputer data ,roeessing Lunetion 
include reporting ag of the enc of selected tine periods, or upon conpletior: 
of selected activitiva in the network. 

the extent of the use of PiliT-type aystems in teat and evaluatior 
projects in the absence of automatic cata processing dce:enca to © cegreo on 
the ability ta éarcias abianesuhet activities in a standardised netsork or 
a fex standardized networks. This coee involve a danger of Go rigidly 


structuring a station's project work cc to negate the value of the PERT 
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technique. To be uselul # measure of Clexibility must be retained to adz pt 
to differences im crojeets and in oreject persormel. 

The advartages of PERT systema lie their thility to systematize the 
plarning of work, to reduce the chanees of overlooking imrortern:t coutingen 
clea, anc to peven! the cependencies among the various work items that go to 
moke up the project. Mush of the benefit of networking lies in the 
improvement in planni:g. ‘Succees desends largely uvon habituating the 
persormel taking part in the work to the use of the tool. for PERT techrdousa 
aye geaentiaclly « way of looking at the work; they chould not be reguerded as 
mechanians but 42 retional acprosches to efficient and effective achievement 
of a orpeject objective. That is to say, the arplicebility of PFAT-type 
Systema depencg the ability of the users to arproach tne work in ec certain 
fashion rather than uvon the svalilebility of serhistieatec dats hancling 
SFB LUD 

Tt wouls bo unrealistic to sugsest thet no test erc evaluation 
activity in the Kavy has adequate plermning end controlling under their 
current sygtem. héther, 14 is esrcluded that network analysis can veriry 
the willdity of eurrent planning and controlling techniqvues, ina can :rovide 
& more effective technigue if the current one is judged inadequate on the 
basin of past echedule end cost performance exverience. ‘She advantages of 
the network technique depends mt upon the capacity of the cate processing 
femetion but of ite acceptability to managers. The hypothetical ; reject 
not only illustrates the technique but demonstrates in 4 pemerai way ite 


feasibility within the Limite selected. 





— , 
-— ai ian 
te cy 
De ee) | 
—_ A i A i 1 i er mm, | 
EE et ee + ie a 
a } i —the aoe § 
° oe aie eee 
oes —_———" << ones cues 
_ +. oo eee 
——_— ——— ee «° ii .< 
— ae 
— ee a ake IM ee 








BISLIVGRAPHY 
BOOKS 
Barnard, C. The Functions of the Executive. New York: Pitman. 1949. 


Burak, &. G. and Chajman, J. i. (edi.) ies 2 Si2ior sma h ing 92d for 








Munegament. Cambridge, Hace.; . 
Dauten, 7. M (ed.) Current iegees and coment. 


foston: Huughten Mifflin, 1962. 


Control. New York: MeGrew-iill. 1949. 





WoC 


Coetz, 5. Manégoment Plann ne 





Learned, he Pay Uirich, De they apc Boo" , 5. R. Executive | _igtlon. 
foston: Givision of hesenreh, Graduate Jehncol of cL Bucs Lness 
A@airistration, Harvard Univoreity, i951. 


Simon, Serbart 4. The Mew Solence of Manggemerit Veeision. ew York: 


Hesyper & 238 « ih bO. 











wt 
rac 


hy 


Stiisan, Oe Bs, at ° abe r 


Techricue. Nex Yor 


Urwiek, Le The Mlemunts of sdolptctration. Mex York; Harper & Pros. 1943. 





= é, Bow Manssement Plonnine Contre 
american Management “asgociebions L9G26 





§ 


ARTICLE «Ni PERTODICALS 


forko, Uarclid. "The mie Waking Process", Dats Mrecessing Lor 
Murorem@n, V, fo. 12 (Moverber, 1963), Lb 13. 


Uniids, Hurshell A. *loes MERT Terk for Omellh ‘rejects ?*", Dots Vrocegsing 
for Hunorawnme nt, IV, Ho. 12 (Leeember, 1962), 22 






ty 





* wre wgpwer 37 


Dooley, avreh i. "Inter,retations of "ERT", Harvard cusimess Review 
ALIT, Ro. < (March-April ie). 166~372. 


Leona, George a. "BUSHIf> Testa “ART/CocT’, Wavy Hines. mont Review, 
Vil, Mo. 12 (iecesber, 1962), G7. 


LEVY » c.f ne y — Fe lew» arg ° vee eiest, sé D. “Phe &hts ar tne Critical 


‘ath Hebhed", Harvard Susiness navies, ALI, Mo. 5 (seotamber~letober 
1963 hs oS 168 e 


69 





70 


Nakagseme, Y., "OR2T-Milestone System Concept", end "Program Management 
»ystem for 471s", Navy Manacement Review, VIII, No. 12 





iynne, Bayard bo, Jr. "CPit-an Eifective Management Tool", The Controller, 
XXX, No. 6 (dune, 1962), 258-264. 


fynme, B. &., and Heuger, W. 2. "CO M-an Affective Kanagecent Tool-Part II", 
Financial rxecutive, XXXI, Mo. 8 (August, 1963), 18-25. 


Skeggs, Bruce "Network Nodeling tor Top Management", Cata Processing for 
Mancgement, VI, No. &. (February, 1964), 11-26. 


COVERNMANT PAMPHLET S 


U. S. sir rorce. Defenes focumentation Center. Prat, « Repor 
Bibliogrsyhy. Weshington, Ue. ¢., Maren, 1403. 

Ue v. air force, PRT Urientation & Training Center. fibliosranhy, 

canigues. Polis | 


fits 20C Uther Manageme: i oysteds & Ve Mm: Aar 
Searles ee er 






Ferce Base. Washingtor, . €., June, 1963. 


Bureuy of Raval Persennel. Financial Managowent in the Navy. dushington, 
Dye Ge, UUEO LOD? « 

Bureau of Nuvel Sea:cors. opeciel Vrutisets Office. PERT Suemarv Nerort, 
Phase I. Washington, D. C,, July, 1958. 

Bureau of Naval Weapons. fpecial "rejects Oifice. Prorrim “lemming end 

Conteo)] System. “éshington, DBD. ¢., 1958. 








Depertuent of Tefense. ‘RT Coordinating Crows. PERT Guids for 
Manncement Use, Washington, 0. C,, June, 1963. 








Department of Defense. PRET OST Systeme 
Neshington, BD. C., Jume, 1962. 





- tte : oe ie ee “ i on Ana WAwes AytaA Vite Bilt 
Department of Defense. Jupplement Me. | to DID and Vics Guide. Wachningten, 
™ Sie ee ga OI Ae Se ee oye 


ve Cw, undated. 


office of Navel Material. Line of Balance Technolocy. i. Sra hic Method 
of Industrial Programminc. Washington, D. ©., February, 1958. 


3 


mM 


€ 


IUDI BS 


Thompson, 5S. Vow Companies Plan, ANA Research Stucy 54, New York: 
imeriean Management agsociation, 192. 


REPORTS 
Fondehi, John *. 4 Non-Commuter Arproach to the Critics! Path Method for 


the Construction industry. Stanford, Cal.: distrioutec by The 
Construction Institute. 








72. 


MUSTESSS PUBLICATIONS 


li Gorp. ae rol Gystesa. Gperations Bulletin, 
STACe Gul dance Center, Owego, NR. Y., 1963. 








s 





TBM ep Plan for action with the waa COST Program, Date 
‘wocesuing Division. White inima, 8. Y., 1963. 


elat. rege Guldanes enter, yvawago, Ne. Y, 1963. 






tM Corp, Pager out & 


TMa Corp. Poste. \ oynomic Project Plamning & Contra] Method. Generel 
Information Manual. Date rbeeseing Livisem. white Cléins, 
“ 3963 


sts Ls ot 8 


aa 


eee og 2 my 
ITH * ts Fo Siepnt. a 


Holand, g., anc Letuc, Ho, Tinancied anc Pre ject angei, Lik Gouce 
Wildamae Canter, 5 Peat/ COT Thudy. Leclice bu Bevy Crudsate 
Finencisi Menerement Pregrwa, 22 danwary LYOd. 


Hunter, jilitem, Induatrial Ungineering Jonsultient, Ravy Management 
Ofties. "The PERT Swetem”. Leeturw to Ravy Gradusule Financial 
Management vrograa, 5 lesember 1903. 


U. S. fawal dir Yurvine Test Statlon. Avrsorui irterviews with Commencing 
Orfleer, Planniag orfieer, Comtrolies, and “rojest Vonegers. 
21-23 December 1563. 





























wn 


